Toppling deformation and failure is a typical form of instability of rock mass deformation and failure on anti-inclined slope in alpine gorge area. Based on the analysis of the distribution characteristics of the toppling deformation body in a hydropower station reservoir area in southwest China, this paper simulated the relationship between the distribution of river terraces and the toppling deformation body by using the discrete element method, and the conclusion that the influence of river downcutting on the toppling deformation is obtained.
Introduction
Toppling deformation is closely related to engineering construction, involving water conservancy, transportation, mining and other industries, such as Jinchuan open pit slope [1] , Jinping I hydropower station left bank slope [2] , Xiaowan Hydropower Station drinking ditch slope [3] , Changma reservoir toppling deformation slope [4] , Xiaolangdi reservoir area bank slope [5] , etc. In order to ensure the normal construction and safe operation of the project, it is of great practical significance to study the formation mechanism and stability of the toppling deformation slope. In the 1950s, foreign scholars began to study the phenomenon of toppling deformation. After decades of unremitting research, scholars have made fruitful achievements in the deformation characteristics, genetic mechanism and stability analysis of toppling deformed rock mass.
Distribution Characteristics of Toppling Deformation Rock Mass
24 toppling deformation bodies are distributed in the reservoir area of a hydropower station from dam site to reservoir tail within 60 km. There are 20 toppling deformation bodies on the right bank and 4 toppling deformation bodies on the left bank. Due to the influence of regional tectonic activities, the structure of the right bank slope is dominated by reverse slope and slope, while the left bank is dominated by forward slope. According to the investigation, more toppling deformed bodies are found in the position of well-developed gully, and have a larger development range and a larger amount of deformation.
Main Deformation and Failure Forms of Toppling Deformation Rock Mass
According to the investigation and analysis of the deformation and failure phenomena of the toppling slope, there are four types of deformation and failure of the toppling slope: the toppling bending deformation, the toppling fracture deformation, the toppling tension deformation and the toppling creep deformation.
Toppling Bending Deformation
The lithology of toppling bending deformation is generally thin bedded slate and phyllite slate, mainly soft rock. In the long-term geological and history, under the effect of the gravity of rock mass itself, the soft rock undergoes ductile bending deformation towards the direction of free face (rivers and gullies), interlayer dislocation, and obvious deformation in the upper part of the right bank reverse and oblique slope. The toppling bending deformation in the reservoir area is mainly distributed in the shallow surface of the slope (Figure 1. ). No deep bending and toppling phenomenon was found. Coupled with long-term weathering, the structure of rock mass is relative fragmented and scattered. 
Toppling Fracture Deformation
The lithology of toppling fracture deformation is generally thin-layered-medium-thick layered metamorphic sandstone, sandstone or sandstone interbedded with slate, mainly hard rock. Under the effect of gravity, tensile cracks occur in the tensile stress concentration area of hard rock, and cracks further expand to form break sections. Multistage fracture section (Figure 2 .) were formed in the slope, and the toppling and dislocation of blocks will occur between the blocks cut by rock strata and fracture section, which will lead to the fragmentation of rock mass and poor integrity. The toppling fracturing deformation slope is distributed in both shallow and deep parts. 
Toppling Tension Deformation
In the deep part of the slope, the rock mass is affected by self-weight stress and unloading stress on the slope surface and tensile stress is concentrated in the slope. When the tensile stress is greater than the tensile strength of the rock mass, tension failure will occur in rock mass. If the tensile stress is larger, a large number of tension cracks ( Figure 3 ) will be formed in the deep part of the slope. However, due to the limitation of the deformation space inside the slope, the tension fracture surface will close and concentrate on the transition zone between the toppling rock mass and the non-toppling rock mass, Then, the structure of rock mass will be destroyed and the integrity of rock mass will deteriorate. 
Toppling Creep Deformation
In the upper part of the untoppled bedrock in the deep part of the slope, the rock mass is subjected to long-term geological force. With the increase of time, the strain of the rock mass increases continuously, resulting in corresponding deformation (Figure 4 ). The impact of the toppling creep deformation on the integrity and strength of the rock mass is small, but it has a certain impact on the long-term stability of the slope. 
Numerical Simulation of the Formation of Toppling Deformation under the Effect of River Downcutting
According to previous studies, the evolution of river valley geomorphology is divided into three stages: the quasi-plain stage, the wide valley stage and the canyon stage. The position of planation plane reflects the quasi-plain stage and the wide valley stage, and the river terrace reflects the canyon stage. The uplift rate and denudation rate of the seven terraces of a river are shown in Table 1 . In the process of terrace formation, the valley was cut down 612 m. 
Model Establishment
In order to study the relationship between the effect of downcutting of valley and the causes of toppling deformation, a discrete element geological model is established for the toppling slope of the right abutment of a hydropower station. The bottom elevation of the model is 116 m, the top elevation is 1916 m, the height of the model is 800 m, and the bottom boundary length of the model is 1300 m. In the model, rock strata and gently inclined outside of the slope joints are shown in Figure 5 .The bottom of the model is constrained by the displacement in the vertical direction, the left and right boundary are constrained by the displacement in the horizontal direction, and the model is only affected by gravity. The rock mass is assumed to be rigid body property and the structural plane to be Mohr-Coulomb property. According to the historical evolution of the valley, the topographic line of the slope with toppling deformation body can be inferred. From the information in Table 1 , when the seven-step terrace is formed, the cutting depth of the valley is 180 m, when the six-step terrace is formed, the cutting depth of the valley is 140 m, when the fifth-step terrace is formed, the cutting depth of the valley is 160 m, and when the fourth-step terrace is formed, the cutting depth of the valley is 68 M. Because the first, second and third terraces are relatively small in height, they are combined in calculation, and the cutting depth of the valley is 64m. In this way, we can simulate the change characteristics of the toppling deformation body during the downcutting process of the river.
Calculation Parameter
The parameters of rock mass and joints needed for simulation are obtained from field and laboratory tests, as shown in Table 2 . Through the requirements of relevant specifications and analysis of engineering geology analogy method, the rock mass and joint parameters which are in line with the actual engineering conditions are determined. The physical and mechanical parameters of geotechnical body and structural plane are shown in Table 2 and Table 3 . 
Analysis of Calculation Results
During the formation of the seventh terrace of the valley, the valley was cut down to 1736 m elevation and 180 m deep. Due to the limitation of space conditions, the deformation space of rock mass is limited, unloading rebound deformation is the main deformation in the shallow surface of slope, and interlayer dislocation and extrusion deformation are the main deformation among rock layers. The maximum displacement in X direction is about 1.6m, and there is no obvious feature of toppling deformation. Details are shown in Figure 6 , 7. 
Conclusions
(1) As for the location distribution of toppling deformation rock mass, the distribution of left bank is more than that of right bank, the reverse slope and the oblique slope are more than the downward slope, and more toppling deformation body are found in the gully.
(2) The main deformation type of toppling deformation rock mass are toppling bending deformation, toppling fracture deformation, toppling tension deformation and toppling creep deformation.
(3) By using the discrete element method, the forming process of the toppling deformation body is analyzed. The results show that the rock mass displacement can reach 68m with the downcutting of the river at different stages, reaching the present Valley landform stage. Therefore, the downcutting and stress release of the valley are the main causes of the toppling deformation of the rock mass.
